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Space medicine: gut microbiome of hardy
species is a potential source to counter
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It is necessary to have a deeper comprehension of the unique compounds produced by
fascinating species like crocodiles and cockroaches, as well as their detailed and specific effects on
aging, cancer, cellular senescence and general human health”

Tweetable abstract: It is proposed that gut microbiome of species like cockroaches may offer a potential
source of novel mechanisms/molecules that can be translated into humans to safeguard astronauts against
stressors of the space environment during deep space exploration missions.
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There has been a great deal of interest in long-duration space missions ever since hundreds of astronauts first
travelled into space in 1961. This is demonstrated by the latest Global Exploration Roadmap study by 20 country
space agencies [1]. It outlines a strategy for increasing space activity and sets the goal of populating Mars by 2050 in
addition to conducting frequent manned spaceflights [2]. This is despite the knowledge that microgravity, exposure
to radiation, isolation and confinement may lead to an imbalance in physiological reactions, as well as dysbiosis of
the gut microbiota, leading to a negative impact on an astronaut’s health and performance, and space travel may
trigger a variety of stressors [3]. Increased radiation exposure and associated immunological dysregulation have been
directly connected to space missions and have been highlighted in research over the past few decades (4-7). Immune
system dysregulation can result in related disorders as immunity is interconnected with all other physiological
systems. Thus, it is necessary to find molecules or mechanisms with the potential for translation in order to
boost the immune system during space travel. Here, we discuss the stressors that space travel may bring about,
which are likely interconnected with gut microbial dysbiosis and propose that, in order to augment human health
and wellbeing, the defense and protection mechanisms (likely their gut microbiome is a contributory factor) of
‘hardy and resilient” species like crocodiles, cockroaches and tardigrades should be investigated. We suggest that the
development of pre/pro/postbiotics from these unique species may be utilized for astronauts to prevent or restore
gut microbial dysbiosis and thus will be valuable for their health and performance.

What are the unique attributes of hardy species?

Even though radiation does not just occur in space, human exposure to radiation in space is significantly higher
than on Earth. For instance, compared with 2.4 millisievert on Earth, humans would receive between 400 and 900
millisievert annually in interplanetary space. A recent study predicted that mice exposed to radiation during a Mars
expedition would have a twofold increased risk of acquiring cancer [8]. Even with the development of radiation
protection strategies such as creams, clothing, glass and others, the incidence rate of cancer in humans can be
as high as 50%, just with exposure of 2.4 millisievert on Earth (although many factors including lifestyle, diet,
environmental settings, are also contributory factors).
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The ability of species like cockroaches, crocodiles and tardigrades to withstand high radiation levels, live in
filthy environments, consume food that is contaminated with a plethora of microbes, and frequently be exposed to
heavy metals is fascinating to investigate, especially as these species are seldom described to develop diseases such as
cancer [9]. For instance, tardigrades, can withstand extreme radiation, being frozen for more than a year, dehydration,
survival at temperatures varying from zero to 100°C and six-times more pressure than at the ocean’s bottom. These
species are currently regarded as one of the most resilient animals on Earth [10,11]. It is amazing how well they protect
DNA from radiation damage. Given their remarkable properties, tardigrades were launched into low-Earth orbit
in 2007, and survived exposure to vacuum and cosmic radiation and even made it through lethal UV radiation
levels [12]. While the detailed molecular mechanisms are not known, this is partially due to a protein called Dsup
(damage suppressor), which has the ability to: physically protect DNA without impairing its function; and remove
reactive oxygen species, increasing radiation resistance [13]. The observation that overexpression of Dsup protected
human cells from radiation damage is encouraging and presents a wealth of potential [13]. Compared with the
controls, cells expressing Dsup showed up to 50% reduced DNA damage from x-rays. A number of protective
genes and/or enzymes that repair DNA and/or neutralize reactive oxygen species, including MRE11, were also
found. These findings open up a possible path toward improving human radiation resistance during space missions
by genetically engineering Dsup transfer.

One of the few creatures that can endure high radiation levels is the cockroach, such as the 10,000 rads produced
by an atomic bomb. One thousand feet from the site of the Hiroshima atomic bomb drop, cockroaches were
discovered to be thriving. Cockroaches are recognized to have the ability to endure high levels of radiation, and it
was previously suggested that insects like cockroaches would be ideal biological organisms to study in space [14,15].
Some species, like crocodiles, are regularly exposed to radiation (from the sun), heavy metals and other cancer causing
substances [14,16]. It is hypothesized that these species may have evolved strategies to counter cancer development
or developing other diseases. In addition, H. sapiens is indeed one species among many millions of others. While
other species have lived on the globe for millions of years, we are only a somewhat recent arrival. It is puzzling
how species like the crocodile can endure carcinogenic conditions that are harmful to humans and still live up to
almost a century. Very likely, these species have developed defenses against the emergence of cancer. These results
have two plausible explanations: such creatures have evolved a robust immune system; and/or the GI tract and
oral microbiota of the aforementioned species produce unique biomaterials. These observations make it imperative
to examine these mechanisms and/or sequester their bioactive compounds for the health and welfare of humans.
Many studies show that the microbiome plays a crucial part in regulating the host’s health and has a vital role in
influencing astronaut health while in space. Therefore, it is necessary to create methods to retain the proper ratios
of bacterial species in the gut for optimal health. These methods should also be tested in analog flights, as well as
in vivo and in vitro models of microgravity/space travel that are based on the ground.

It is necessary to have a deeper comprehension of the unique compounds produced by fascinating species like
crocodiles and cockroaches, as well as their detailed and specific effects on aging, cancer, cellular senescence and
general human health [16. A recent study evaluated the composition of the crocodile gut bacterial species and
it was revealed that several bacterial species including Actinobacteria, Proteobacteria, Bacteroidetes, Firmicutes and
Deinococcus-Thermus were present [17). Additionally, LC-MS was used to clarify the types of molecules found in
the bacterial metabolites found in the crocodile gut. The analysis revealed a large number of molecules, though
many remained unidentified and may therefore be novel. Recent research has shown how these species molecules
have remarkable anticancer and antibacterial properties [9,17). In another study, Serratia marcescens, Escherichia
coli, Klebsiella species, Bacillus species and Streptococcus species were among the bacteria that were isolated from the
cockroach gut microbiota [18]. Conditioned medium containing gut bacterial metabolites was then evaluated, and
these gut bacterial metabolites were found to have bactericidal and inhibitory effects [18]. Furthermore, we suggest
that the microbiome of tardigrades should be investigated for anti-bacterial/beneficial effects. Following these
investigations, to carry out metabolomics and proteomics investigations to find possible bioactive compounds,
LC-MS will be a particularly useful method. Molecular identification can be determined using nuclear magnetic
resonance spectroscopy in conjunction with this. To protect astronauts from the stresses of the space environment,
these molecules could subsequently be utilized as prebiotics or postbiotics and evaluated 77 vivo using microgravity
models like the hindlimb unloading model [19]. The notion of experimentation with cockroaches in the microgravity
environment, to understand their ability to endure radiation in space is worthy of investigation. Such innovative
research will open the door for our search for preventative and/or therapeutic solutions to potential hazards brought
on by the rising number of deep space exploration missions. Therapies with space travel in mind should be devised,
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and these can be achieved by integrating existing understanding of the gut microbiota from clinical research of
relevance [20].
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